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An application of quantitative methods in electrophysiology is extensive [1], 
especially in a field of cardiology [2]. Electrical signal strength of the heart is 
considerably larger than that from other bioelectric sources; body surface signals of 
around 5 m V are typical. So, the model simplicity, the relative ease of measurement, 
and the recognized importance of heart disease attracted the attention of physiologists, 
physicists, mathematicians and engineers. Simulation of the cardiac body surface 
potentials may begin with measured isochrones obtained from body surface mapping 
method and so on [3]. The simulation accuracy depends on an ability to include 
structural details, ionic behavior, etc.; it has an advantage in that it describes the link 
between sources and the cellular structure and electrophysiology. As an electrical 
generator the heart can be approximated by a single dipole with varying magnitude 
and orientation through the cardiac cycle. The dipole is vector sum of local electrical 
potentials in a myocardium. We aim to get quantitative relationship between the local 
electrical potentials and the body surface potentials. 
An electrocardiography (ECG) is useful method to measure the body surface 
potentials. The standard or limb leads are placed at the extremities as shown in Fig.I. 
Placement is not critical since the extremities are, roughly, isopotential. The 
Fig. I The standard leads and sc応maticcircuits in the body. 
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electromotive force (em:O with varying magnitude and orientation through the cardiac 
cycle can be calculated by this measurement. A distributed constant circuit model is 
more proper in this case, but a lumped constant circuit model is adopted to be simple. 
V2~ ↑ R2 
Fig.2 A rectangular coordinate system. Fig.3 The emf and the equivalent circuit. 
A rectangular coordinate system is determined as shown in Fig.2. A vector E is 
the emf due to the heart activation. Vectors pl, p2 and p3 are unit vectors pointing 
each ECG electrodes. The magnitude of the projection of E onto each unit vectors is 
given by the dot product as 
El =E・pl 
£2 =E・p2 (1) 
E3=E・p3 
, where the relation between unit vectors is 
pl+p2+p3=0 (2) 
. The electrical circuit can be writen as shown in Fig.3 with those projections. Using the 
Kirchhoff's law, we can get a relation as 
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From (2) and (3), 
p3 = -(pl +p2) 
E・p3=-E・(pl+p2) (4) 
E3 =-(El+ E2) 
can be derived. Substituting (4) into (1) yields 
Proceedings of ICEME 2001 
(EI-EZ} Rt+::~+R2責嘉号 Vt2 J (5)
£1+2£2 [ _信—且 R2+~~:+R3 —且l(rn 
, where a relation 
Vl2+V23+V31=0 (6) 
is used. 
Equation (5) means that the emf can be determined by ECG signals. The accuracy of 
the measurement is depends on how to determine the resistances precisely. In the real body, 
the resistanses must be distributed through the many kind of tissues, so precise 
measurement is not so easy. The determination of the resistances is one of most important 
problem in precise ECG. 
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